Aluminum coagulants are widely used in water treatment plants to remove turbidity and 25 dissolved substances. However, because high aluminum concentrations in treated water are 26 associated with increased turbidity and because aluminum exerts undeniable human health 27 effects, its concentration should be controlled in water treatment plants, especially in plants 28 that use aluminum coagulants. In this study, the effect of polyaluminum chloride (PACl) 29 coagulant characteristics on dissolved residual aluminum concentrations after coagulation and 30 filtration was investigated. The dissolved residual aluminum concentrations at a given 31 coagulation pH differed among the PACls tested. Very-high-basicity PACl yielded low 32 dissolved residual aluminum concentrations and higher natural organic matter (NOM) removal.
Introduction
Alum and polyaluminum chloride (PACl) coagulants are widely used at water treatment plants coagulation pH to a target value, a coagulant was injected into the raw water sample. The 174 mixture was stirred rapidly for 1 min (G = 200 s -1 , 136 rpm) and then slowly for 10 min (G = 175 20 s -1 , 30 rpm). The mixture was then left to rest for 1 h so that the aluminum floc particles 176 generated would settle. Then samples were taken from the beaker and filtered through a 0.45-177 μm polytetrafluoroethylene (PTFE) membrane filter (DISMIC-25HP; Toyo Roshi Kaisha, Ltd., increased with increasing basicity. The inclusion of sulfate in the PACls did not largely influence aluminum species distribution (compare PACl-50 and -51s, PACl-61 and -61s and analyzed by Lin et al. (2008) . Most of the PACls, except some laboratory-prepared PACls 202 (PACl-72b, -90bx, and -90by), contained small amounts of Alb, which is typically observed for 203 commercial PACl products (Wang and Hsu, 1994; Chen et al., 2006) . We determined dissolved residual aluminum concentration as a function of coagulation pH for 217 PACl-71s, PACl-51s, AlCl 3 , and alum ( Figure 2 ). PACl-71s showed the lowest dissolved 218 residual aluminum concentration at both neutral and weakly alkaline pH, followed by PACl-219 51s. Yan et al. (2008a) shows that at neutral pH the dissolved residual aluminum 220 concentrations are the same for PACls with different basicities (0-67%), as are the minimum 221 dissolved residual aluminum concentrations attained by adjusting the pH. In contrast, in our 222 study we found that the dissolved residual aluminum concentration decreased with increasing 223 basicity to 71% at both neutral and alkaline pH. In their other data (Yan et al. 2007 ), 83%-and 224 73%-basicity PACls shows lower residual aluminum concentration than 53%-basicity PACl 225 even though the coagulation pH values were slightly higher alkaline pH. Therefore, basicity > 226 70% was suggested as a key for reducing residual aluminum concentration.
228
PACl-71s removed DOC slightly more efficiently than did the other coagulants in both of the 229 tested raw water samples ( Figure 2 ). Large floc particles were formed with PACl-71s, whereas 230 the floc particles formed with AlCl 3 and alum were small at the same dosage (as determined by 231 visual inspection). Some investigators have assumed that Al 13 species (Alb is an index of Al 13 ) 232 are the most effective species for coagulation because they efficiently destabilize particles by 233 means of charge neutralization (Parthasarathya and Buffle, 1985; Gao et al., 2005) . On the 234 basis of these previous results, we expected PACl-71s to be the least effective PACl coagulant RockWare, Inc., Golden, CO, USA), the higher the water temperature, the higher the residual 299 aluminum concentrations. At pH 7.0, residual aluminum concentrations were almost 300 unchanged between 4 and 20°C but increased a little at 28°C. At pH 7.5, the residual aluminum 301 concentrations increased with increasing temperature. 
